Pituitary adenylate cyclase-activating polypeptide (PACAP) and its receptor (PAC1) play a critical role in biological processes that mediate stress response and have been implicated in psychological outcome following trauma. Our previous work [Ressler et al. (2011); Nature 470:492-497] demonstrated that a variant, rs2267735, in the gene encoding PAC1 (ADCYAP1R1) is associated with post-traumatic stress disorder (PTSD) in a primarily African-American cohort of highly traumatized females. We sought to extend and replicate our previous finding in a similarly traumaexposed, replicate sample of 1,160 African-American adult male and female patients. Selfreported psychiatric measures were collected, and DNA was obtained for genetic analysis. Using linear regression models to test for association with PTSD symptom severity under an additive (allelic) model, we found a genotype × trauma interaction in females (P< 0.001), but not males (P> 0.1); however, there was no main effect of genotype as in our previous study. The observed interaction suggests a genetic association that increases with the degree of trauma exposure in females only. This interaction remained significant in females, but not males, after controlling for age (P< 0.001), income (P< 0.01), past substance abuse (P< 0.001), depression severity (P= 0.02), or child abuse (P< 0.0005), and all five combined (P= 0.01). No significant effects of genotype (or interactions) were found when modeling depression severity when controlling for comorbid PTSD symptom severity (P> 0.1), demonstrating the relative specificity of this variant for PTSD symptoms. A meta-analysis with the previously reported African-American samples revealed a strong association between PTSD symptom severity and the interaction between trauma and genotype in females (N = 1424, P< 0.0001).
INTRODUCTION
Post-traumatic stress disorder (PTSD) is a severe psychiatric disorder that affects twice as many women as men (~10% women, ~4% men) [True et al., 1993] . PTSD has a prevalence of approximately 6%, but can occur in up to 25% of subjects who have experienced severe psychological trauma, such as combat veterans, refugees, and assault victims [Kessler et al., 2005; Koenen and Widom, 2009; Breslau et al., 2012; McLay et al., 2012] . The differential risk determining those who do versus those who do not develop PTSD is due in part to: (1) genetics, with ~30-40% heritability for PTSD risk following trauma; (2) gender, with women having approximately twice the risk as men to develop PTSD following trauma; and (3) trauma history, including adult and childhood trauma, and psychological factors which may differentially mediate fear and emotion regulation [Stein et al., 2002; Roberts et al., 2011; Sartor et al., 2011] . From a public health perspective, determining who is at risk for developing and treating PTSD is critical as patients suffering from PTSD are at increased risk of major depression [Breslau et al., 2000] , substance dependence [Breslau et al., 2003] , impaired functioning, reduced life course opportunities, including unemployment and marital instability [Kessler, 2000] , and significant healthrelated problems [Farley and Patsalides, 2001; Simpson, 2002; Zayfert et al., 2002] .
Although initially identified among combat veterans, research now indicates that a number of populations are at high risk for PTSD based on high levels of trauma exposure. One of these populations is low-income African-Americans living in urban environments [Goldmann et al., 2011] . Over the last 5 years we have examined the prevalence and comorbidity of PTSD in over 4,000 low-income, primarily African-American men and women in Atlanta, documenting an extremely high prevalence of trauma exposure (>85%) and of PTSD. Specifically we have found clinically significant levels of current PTSD in 18-20% of the studied population and a lifetime rate of PTSD which approaches 40% [Gillespie et al., 2009] . Consistent with prior research on impairment associated with PTSD, our data suggest that within this population PTSD is associated with a number of adverse health and mental health outcomes including increased risk for suicide attempts (30%) and substance abuse (39% past/9% current). Additionally, a growing literature implies that untreated trauma-related disorders may contribute to an intergenerational cycle of PTSD . Understanding the biological vulnerability that differentiates those who develop PTSD from those who do not is critical for understanding the mechanisms of PTSD and for improving therapeutic and preventative strategies.
Despite evidence of genetic vulnerability to PTSD from twin studies, little progress has been made in identifying variants in specific genes that may influence female-specific vulnerability. Our group has recently shown that pituitary adenylate cyclase-activating polypeptide (PACAP) and its PAC1 receptor (PAC1R) may be critical mediators of abnormal processes in women following psychological trauma [Ressler et al., 2011] . Specifically, we found a sex-specific association of a single nucleotide polymorphism (SNP) residing in a putative estrogen response element within the ADCYAP1R1 gene (PAC1R) that predicts fear response, PTSD diagnosis, and symptoms in highly traumatized females (N = 763; P<2 × 10 −5 ). In addition to the genetic association within the PACAP receptor, we found that levels of PACAP protein in the blood was associated with increased PTSD symptoms in women, and that there was differential methylation within the PAC1R correlated with PTSD symptoms. Finally, we found that in an entirely different postmortem cohort, the rs2267735 risk allele was associated with differential ADCYAP1R1 gene expression in the brain in females but not males. These data were recently supported by results from a cohort of male and female children of traumatized mothers demonstrating that the risk allele of the same SNP, rs2267735, in ADCYAP1R1 was also associated with darkenhanced startle, and indicator of PTSD symptomology [Jovanovic et al., 2012] . Moreover, Uddin et al. [2012] found an interaction with ADCYAP1R1 genotype and childhood maltreatment in a cohort of females from the Detroit Neighborhood Health Study; however, another study failed to replicate this association when examining main effects of SNP rs2267735 among presumably less traumatized, African-American and Caucasian populations . Their analyses accounted for trauma and age at worst trauma as predictors of PTSD; however, it is unclear whether they utilized a genotype × environment interaction between specific trauma types and rs2267735 genotype. Thus, determining the specific characteristics of the study cohorts that influence the impact of PAC1 genotype on PTSD susceptibility is important for a further mechanistic understanding of these pathways.
We sought to replicate our previous finding by genotyping rs2267735 in an additional sample of females and males to explore possible main and interacting effects of ADCYAP1R1 and trauma/ abuse on risk of PTSD. As a secondary analysis, we conducted a meta-analysis on a combined sample of African-Americans from the original sample [Ressler et al., 2011] plus the replication sample in order to tease apart the main and interacting effects of ADCYAP1R1 and variation in trauma load and/or child abuse on risk of PTSD in a larger overall high-risk sample. It is important to further extend the genetic studies examining this pathway with regard to PTSD and to elucidate the biological and social/environmental variables that may differentially mediate the risk associated with ADCYAP1R1 and PTSD. Establishing well-defined risk criteria for early intervention in the treatment of PTSD is a necessary advancement in development of preventative public health measures for traumatized populations.
METHODS

Sample and Sample Recruitment
The data from this study were collected as part of a larger study investigating the roles of genetic and environmental factors in predicting response to stressful life events in a predominantly African-American, urban population of low socioeconomic status (SES). This is a replication and extension of our original publication demonstrating PAC1R polymorphisms with PTSD [Ressler et al., 2011] . Research participants were approached while either waiting for their medical appointments or while waiting with others who were scheduled for medical appointments, in the waiting rooms of the primary care clinic or obstetrical-gynecological clinic of a large urban, public hospital. Subjects who indicated willingness to participate provided written informed consent, participated in a verbal interview, and provided a salivary sample for DNA extraction (described below). A percentage of individuals provided blood samples as part of a follow-up visit. The replication sample set analyzed were unique SIDs and did not include any subjects included in the first manuscript. Many of the study participants in the replication sample set were recruited at a later date compared to those included in the original sample set. In the replication sample, there was less recruitment from OB/GYN (59% vs.70%) clinics and more from primary care relative to the original group (33% vs. 23%); however, these differences were not statistically significant.
The data presented in this manuscript are limited to individuals self-identifying as African-American (92% of total genotyped) to decrease possible confounding factors due to ethnic stratification; thus only the African-American samples for whom we also had complete trauma load data (N = 911) from the original manuscript [Ressler et al., 2011] were used in the meta-analysis. A comparison of subject demographics between both sample cohorts is presented in Table 1 . All procedures in this study were approved by the Institutional Review Boards of Emory University School of Medicine and Grady Memorial Hospital.
Procedure
Participants completed a battery of verbal self-report measures, all which took 30-90 min to complete (dependent in large part on the extent of the participant's trauma history and symptoms). We read the instruments to participants to guard against relatively high rates of impaired literacy. Each person was paid $15.00 for their time for participation in this phase of the study. The measures used in the current study are described below.
PTSD symptom scale (PSS)-The PSS is a psychometrically valid 17-item self-report scale assessing the extent of PTSD symptom frequency and severity over the prior 2 weeks [Falsetti et al., 1993; Coffey et al., 1998; Foa and Tolin, 2000] . Consistent with prior literature, we summed the PSS frequency items ("0: not at all" to "3: >5 times a week") to obtain a continuous measure of PTSD symptom severity ranging from 0 to 51. DSM-IV diagnosis of PTSD was made on the basis of presence of DSM-IV criteria A-E based on response to the PSS questionnaire. The PSS had a standardized alpha coefficient of 0.92 (M= 12.44, SD = −12.40).
Beck depression inventory (BDI)-Depressive symptoms were assessed with the 21item BDI [Beck et al., 1961] , a well-validated, commonly used continuous measure of level of depressive symptoms. In this sample, the BDI had a standardized alpha coefficient of 0.93 (M= 13.88, SD = 12.04). [Schwartz et al., 2005 [Schwartz et al., ,2006 ] is a 14-item instrument for lifetime history of traumatic events. For each event, the TEI assesses experiencing, witnessing, and confrontation of traumatic events where appropriate. For our analysis, we used the total TEI in addition to just the TEI items assessing trauma exposure after childhood since we used the CTQ to assess childhood trauma exposure.
Traumatic events inventory (TEI)-The TEI
Childhood trauma questionnaire (CTQ)-The CTQ [Bernstein and Fink, 1998 ] is a self-report inventory assessing three types of childhood abuse: sexual, physical, and emotional. Studies have established the internal consistency, stability over time, and criterion validity of both the original 70-item CTQ and the current brief version [Bernstein et al., 2003] . The CTQ yields a total score and subscale scores for each of the types of child abuse. Our CTQ data demonstrated high internal reliability (physical abuse: alpha = 0.80, M = 8.05, SD = 3.95; sexual abuse: alpha = 0.94, M = 7.66, SD = 4.99; emotional abuse: alpha = 0.84, M = 8.84, SD = 4.76; total of the three scales: alpha = 0.92, M = 24.55, SD = 11.49).
DNA Extraction and Genotyping
DNA from saliva was collected in Oragene vials (DNA Genotek Inc., Ontario Canada) or from whole blood collected in EDTA tubes. DNA from saliva was extracted using the DNAdvance extraction kit (Beckman Coulter Genomics, Danvers, MA), and DNA from blood was extracted using the E.Z.N.A. Blood DNA Midi Kit (Omega Bio-tek, Norcross, GA). All DNA for genotyping was quantified by gel electrophoresis using Quantity One (BioRad, Hercules, CA) and normalized to a concentration of 10 ng/µl. DNA concentrations that fell below5 ng/µl were not used. DNA was plated into 384 plates at 10 or 20 ng for Taqman or Sequenom genotyping, respectively. All DNAs were dried down prior to performing the reactions. Genotyping of rs2267735 (ADCYAP1R1) was done using both Sequenom and Taqman. Taqman reactions were performed using Taqman SNP Genotyping Assays along with Taqman Genotyping Master Mix (Applied Biosystems Inc., Foster City, CA). Alleles were discerned using the 7900HT Fast Real-Time PCR system. Seque-nom genotypes were collected using the iPLEX chemistries and the MassARRAY system (Sequenom, Inc., San Diego, CA). Genotypes represent forward strand alleles (C/G). Within-and across-plate duplicates were used for quality control of DNA plating. Negative controls were used to assess assay integrity. Both passed QC measures. We also performed across-method duplications to confirm accuracy of calls by either genotyping platform. Eighteen percent of the total samples in the replication sample set were genotyped using both Taqman and Sequenom. Only one discordant sample was identified resulting in a discordance rate of 0.4%. Fifteen percent of all the samples genotyped for the replication set had also been genotyped in the original, published cohort. These duplicates were used to confirm calls but were excluded from the analyses in this manuscript such that all samples in the replication set are unique relative to the original dataset. The concordance rate for these duplicates was 100%. The genotype call rate was >95% for either genotyping method. Genotypes for the replication set did not deviate significantly from the expected proportions under Hardy-Weinberg equilibrium (HWE; P=0.13).
Statistical Analyses
All statistical analyses were performed using SAS (v. 9.3) or R (v. 2.15.1). The distribution of the primary study variables was calculated using means with standard deviations for continuous variables, and frequencies (and percents) for categorical variables. To compare demographic variables between males and females or between the original (African-American subjects from Ressler et al. [2011] ) and replication samples, Wilcoxon-Mann-Whitney tests were performed for continuous variables, and Chi-square tests were performed for categorical variables. For genetic association studies, we used linear regression to assess whether ADCYAP1R1 genotype was associated with the outcome, either PTSD symptom severity or depression severity. In all cases, we tested for association under an additive (allelic) model where the number of copies of the C allele was hypothesized to influence the outcome variable linearly. For the original and replication datasets, we first assessed the main effect of genotype on PTSD symptom severity, and subsequently included a main effect for trauma and the interaction between genotype and trauma as additional predictors in the model. We also fit the same model in the replication dataset with additional covariates for age, income, past substance abuse, depression, child abuse, or all five variables. To assess the specificity of the ADCYAP1R1 variant, we also tested the same models as above in the replication dataset but with depression levels (using BDI score) as the outcome measure and controlled for comorbid PTSD symptom severity. For the meta-analyses, we combined the original and replication datasets and included an indicator variable (coded as 0 for the original sample or 1 for the replicate sample) as a covariate in the regression analyses. To adjust for potential confounding due to admixture in our all African-American sample, we conducted principal components analysis using Illumina Human Omni1-Quad genome-wide data that was recently collected for a subset of our subjects as a part of a separate study. We then used the top 10 principal components as covariates in our main analysis (regressing ADCYAP1R1 genotype and trauma load on PTSD symptom severity), in the original and replication samples separately.
To ensure that our interaction test results did not depend on linearity or distributional assumptions, we computed robust standard errors and verified the key result with permutation and bootstrapping. To address the possibility that standard errors could be underestimated due to departure from the assumed linear model, we used the robust function in R [Cookson, 2011] to estimate robust (heteroscedasticity-consistent) standard errors [White, 1980] as suggested by Voorman et al. [2011] . For the permutation procedure, we used R to carry out 10,000 permutations after mean-centering the genotype and trauma variables as described in Buzkova et al. [2011] . In each permutation, trait values were randomly shuffled across individuals, the association test was re-performed, and the tstatistic for the interaction between genotype and trauma was recorded. Permutation Pvalues were then estimated as the proportion of permutations for which the t-statistic for the interaction term exceeded the original in magnitude. Because this permutation test is dependent on the assumption that genotype and trauma are independent, we also carried out a bootstrapping procedure similar to that described in Buzkova et al. [2011] . Briefly, we fit a model with no interaction term to obtain null-hypothesis parameter estimates. We then drew samples of the residuals from this model, with replacement, and used each set of residuals along with the parameter estimates to create 10,000 datasets simulated under the null hypothesis of no interaction. Interaction t-statistics from each simulated dataset were recorded, and the bootstrapped P-value was computed as the proportion of t-statistics from the simulated data that exceeded the original in magnitude.
RESULTS
Demographic information describing SES for the original and replication samples are listed in Table 1 . There were no significant differences between the sexes with respect to the SES variables of education, employment, or income; however, males were older (z = 7.58, P< 0.0001) and had more substance abuse than females (past: χ 2 =46.10, P< 0.0001; current: χ 2 =26.69, P< 0.0001) in the replication sample. We found significant differences between the sexes with respect to the psychiatric variables of total trauma load (TEI total score, z = 5.11, P< 0.0001), adult trauma load (TEI score for non-childhood items only, z=6.78, P<0.0001), childhood trauma load (CTQ score, z= −2.78, P<0.01), and depression severity (z = −2.04, P < 0.05), but not PTSD symptom severity (PSS total score), our main psychiatric outcome measurement. We found that males had higher total and adult trauma loads, whereas females had higher childhood trauma loads and depression symptom severity (BDI total score) in the replication sample. Table 2 illustrates these findings, as well as more detailed subscale measures for both adult and childhood traumas across sexes from both cohorts.
Comparing the original and replication samples, we found no significant differences between the datasets for the measurements of education, employment, and substance abuse (Table 1) . However, we did find that females were older in the replication sample than the original sample (z= −2.16, P< 0.05), but males were generally older than females in both datasets (z = 10.69, P< 0.0001). Though there were marginal sex differences between the original and replication sample in terms of income (χ 2 = 8.00, P< 0.05), there was a difference between income in females in the original sample compared to the replication sample (χ 2 = 9.06, P < 0.05) with more females making <$500/month in the original sample. There were also more males than females with substance abuse in both datasets (past: χ 2 =92.01, P< 0.0001; current: χ 2 =33.21, P< 0.0001). Moreover, there were no significant differences between the total sample datasets with respect to the psychiatric and trauma exposure variables; however, there were sex differences in both datasets for total trauma load, adult trauma load, and childhood trauma load (see Table 2 ).
The allele frequencies of ADCYAP1R1 for the replication and original samples are listed in Table 3 . There was no statistically significant difference in the frequencies of each genotype between the sample sets (χ 2 = 1.97, P>0.1).
ADCYAP1R1 Genotype Interacts With Trauma Load to Predict PTSD Symptom Severity in the Original and Replication Samples
Using linear regression and an additive effect of genotype in the original sample (i.e., the African-American subset of data published in Ressler et al. [2011] ), we found a significant association between PTSD symptom severity and ADCYAP1R1 genotype in females (N = 566, t=3.14, P= 0.0018) as in the original publication [Ressler et al., 2011] . In a separate model including the trauma load variable, we found a genotype × trauma interaction in females (Fig. 1A, Table 4 ), but not males (N = 345, P= 0.27), with carriers of the C allele associating with greater ZPTSD symptom severity (t = 2.38, P=0.0174).
In the replication sample, we did not find a significant association between PTSD symptom severity and ADCYAP1R1 genotype in females as in the original sample; however, we did find a genotype × trauma interaction that differed by sex. When stratifying by sex, there was an ADCYAP1R1 genotype × trauma interaction (t= 3.46, P = 0.0006) in females (N = 858) ( Fig. 1B, Table 4 ). As shown in Figure 1B , the C allele is more associated with PTSD symptom severity for females with high trauma load. In males (N = 301) on the other hand, there was no ADCYAP1R1 genotype -× trauma interaction (P = 0.47) or main effect of genotype, similar to that presented in Figure 1A . The genotype × trauma interaction in females remained when adjusting for age (t= 3.44, P = 0.0006), income (t= 3.21, P = 0.001), past substance abuse (t=3.56, P = 0.0004), depression severity (t= 2.30, P = 0.02), or childhood trauma load (t= 3.76, P = 0.0002), and all five (t= 2.50, P = 0.01). Moreover, when controlling for comorbid PTSD symptom severity, we did not find a significant association of ADCYAP1R1 genotype on depression severity nor a trauma × genotype interaction (P> 0.1).
The main finding of an ADCYAP1R1 genotype × trauma interaction on PTSD symptom severity was tested for statistical robustness and verified with permutation and bootstrapping methods. Computing heteroscedasicity-consistent standard errors as sug-gested by Voorman et al. [2011] , we obtained a P-value of 0.0006, suggesting that the observed association was not due to model misspecification. To compute empirical P values, we applied two approaches suggested by Buzkova et al. [2011] . Conducting 10,000 permutations after mean-centering the genotype and trauma variables, we obtained a P-value of 0.001. Using bootstrapping methods to generate 10,000 datasets, we obtained a bootstrapped P-value of 0.0005. The consistency of these results suggests that the originally observed association was not dependent on asymptotic assumptions.
ADCYAP1R1 Genotype Interacts With Trauma Load to Predict PTSD Symptom Severity in the Meta-Analysis
In the combined sample, we found a strong association between PTSD symptom severity and a trauma × genotype interaction in females (N = 1424, t=4.30, P<0.0001) but not males (N = 646, P> 0.1) (Fig. 2, Table 5 ). Thus, at higher trauma levels, carriers of the C allele are associated with PTSD symptom severity. Again, the genotype × trauma interaction in females remained when adjusting for age (t=4.29, P< 0.0001), income (t=4.44, P< 0.0001), past substance abuse (t=4.31, P< 0.0001), depression severity (t=2.57, P=0.01), or childhood trauma load (t=4.16, P< 0.0001), and all five (t=2.85, P= 0.004).
Controlling for Admixture Within the Sample Populations
To adjust for potential confounding due to admixture in our self-reported African-American samples, we conducted principal components analysis on subjects for which genome-wide data was available (56.5% of the original sample and 66.3% of the replication sample). We re-fit our main model (ADCYAP1R1 genotype × trauma interaction on PTSD symptom severity) both including and excluding the first 10 principal components as covariates. In each case, the estimated effect size did not change substantially with inclusion versus exclusion of the principal components, suggesting that the associations reported above are not the result of confounding due to admixture.
DISCUSSION
In this study, we sought to replicate our previous finding that genetic variation in ADCYAP1R1 associates with risk of PTSD in highly traumatized females. Although we did not replicate the main effect of ADCYAP1R1 genotype on PTSD risk in females, we did find a trauma × genotype interaction, with higher trauma predicting PTSD symptom severity in carriers of the "C" allele in this replicate sample. Indeed, the same trauma × genotype interaction was also found in the original African-American only sample of highly traumatized females [Ressler et al., 2011] . When combining African-American subjects from our prior study [Ressler et al., 2011] with the new replication sample in a metaanalysis, we found an even stronger trauma × genotype association in females only, but no main effect of ADCYAP1R1 genotype on PTSD risk. We did find differences between the original and replication sample sets (among females only) in the variables of income and age. How income could play a role in disease outcome related to genetic risk in not readily evident. However, a model for the effect of age on disease susceptibility, given genotype, may be plausible especially in the case of ADCYAP1R1 in light of its sensitivity to estrogen levels [Ressler et al., 2011] . Further investigation is warranted in regards to the relationship among genotype, estrogen levels, and ADCYAP1R1 genotype. Furthermore, with larger sample sets, it is also possible that some of the trend differences between cohorts and trauma exposure variables (Table 2) would be found to be important for the gene × environment effects.
Our current study identifies gene × environment interactions as the most robust model of the effect of the ADCYAP1R1 gene in females on PTSD symptoms. Upon re-analysis, the original published dataset [Ressler et al., 2011] also revealed a trauma × genotype interaction, in addition to a main effect of ADCYAP1R1 genotype, which we did not identify initially. Moreover, a recent publication also supports a trauma × genotype interaction in females; the trauma relates to childhood maltreatment , which is likely incorporated in the total trauma load variable reported here. Although Chang et al.[2012] failed to replicate the ADCYAP1R1 genotype-PTSD association in two independent samples, the direction of the reported effects for females was in the expected direction. It is unclear, however, whether they incorporated gene × environment interactions in their analyses. Further testing is necessary to quantify exact differences between nonreplicating sample sets.
In our sample populations, it is clear that at higher trauma levels genotype associates with PTSD symptom severity in African-American females as demonstrated by the plots of both the original and replication datasets. Thus the main effect reported in the previous report [Ressler et al., 2011] is likely an interaction with trauma load given that the association was found in females with higher trauma levels. The complexity of the effects of psychiatric variables, especially trauma history, is inherently difficult to measure. Thus, it is quite possible that to observe the effect of this genotype on PTSD symptoms, analyses must account for the number of traumatic events, type and quality of events, and the relative severity of each event. If a study examined the effect of ADCYAP1R1 genotype were to primarily include subjects with few (e.g., <5 compared to ≥5 as seen in the Grady Trauma Project cohort) total types of lifetime trauma, one might not expect to observe the "risk" allele association as we have in this study of highly traumatized individuals.
Our current work follows on a recent replication of this effect in a small sample size (N = 50), physiology study of children sympto-mology [Jovanovic et al., 2012] . This manuscript demonstrated that the CC genotype was associated with heightened dark-enhanced startle in children, which replicated our previous findings in females [Ressler et al., 2011] . Notably, however, this finding in children was irrespective of gender, consistent with a hypothesis that pubertal/ adolescent hormonal factors are associated with the possible increased association in females at later ages. Note that in rodent models, PACAP, the ligand for PAC1R, has now been associated with increased startle within brain areas, including the bed nucleus of the stria terminals (BNST), that are associated with fear and anxiety [Hammack et al., 2009 [Hammack et al., ,2010 . Furthermore, recent data Stroth et al., 2011b; Tsukiyama et al., 2011; Hill et al., 2012; Smith and Eiden, 2012] in rodent models has confirmed the role of the PACAP pathway controlling HPA-axis activation during stress responses, activation of adrenal medulla activation in the periphery, and corticosterone regulation.
In summary, the PACAP-PAC1R pathway has been associated with numerous anxiety and fear-related phenotypes in animal models Stroth et al., 2011a] . Its role in regulating the hypothalamic-pituitary axis appears critical in this regard [Grinevich et al, 1997; Agarwal et al., 2005; Norrholm et al., 2005; Stroth and Eiden, 2010; Stroth et al., 2011b; Smith and Eiden, 2012] . A further understanding of the role of this pathway, particularly ADCYAP1R1, the gene encoding the PAC1 receptor, will enhance progress toward one possible mechanism underlying the fear dysregulation that accompanies PTSD. Our current work serves as a replication and extension of our previous finding in a highly traumatized human cohort. However, more work needs to be done with larger sample sizes and deeply phenotyped trauma histories to more fully understand the precise role of trauma exposure, frequency, quality, and severity in regulating the effect of ADCYAP1R1 genotype on PTSD development and symptoms. Overall our findings suggest that understanding the gene × environmental interactions of trauma load with ADCYAP1R1 is critical to understanding the specific ways in which this pathway may underlie stress-related disorders.
FIG. 1.
Regression lines with 95% confidence intervals (dotted lines) showing predicted PTSD symptom severity based on total trauma load. These lines illustrate that there is an interaction between total trauma load and risk genotype (CC) in females, but not males (P > 0.2 in both), in the (A) original (N=566, P=0.0174) and (B) replication (N = 858, P=0.0006) samples.
FIG. 2.
Regression lines with 95% confidence intervals (dotted lines) showing predicted PTSD symptom severity based on total trauma load. These lines illustrate that there is an interaction between total trauma load and risk genotype (CC) in females (N = 1424, P < 0.0001), but not males (N = 646, P > 0.1), in the meta-analysis of both the original and replication samples. 
